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[577 °  ABSTRACT

A method is provided to eliminate harmonic Sk_ip prob-
- lems in a down-conversion system. The method makes
use of the relationship between the frequency of the

intermediate frequency signal and the harmonic number

~of the local oscillator signal with respect to the fre-

quency of the frequency of the source signal. By moni-
toring and measuring corresponding changes in the
intermediate frequency signal caused by predetermined

changes in the frequency of the local oscillator signal, a
determination of the proper local oscillator signal and
the proper harmonic can be made using a processor.
- The proper frequency and harmonic can then be main-
‘tained by periodically checking the relatmnsh:p be-
| tween variables.

7 Claims, 1 Drawing Figure
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| METHOD AND APPARATUS FOR ELIMINATING
HARMONIC SKIP

BACKGROUND AND SUMMARY OF THE
INVENTION

In measurement systems using harmenie ddw.n con-
~version to reduce a radio frequency (RF) source signal
to a lower, and hence more tractable, intermediate fre-
quency (IF) signal for measurement purposes, a major
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- source of measurement error is harmonic skip. Har-
monic skip occurs when different harmonics of the local

oscillator signal which is used to convert the radio fre-
quency signal to the intermediate frequency signal are

1S used in the down conversion. No harmomc skipping
1s occurring to invalidate measurements.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1152 block dlagram of a preferred embodiment
of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

As deplcted in FIG. 1, an RF srgnal 11 from an RF

-source 10 1s coupled into a harmonic mixer 12, where it

is multiplied together with a local oscillator (L.O.) sig-
nal 16 from a variable local oscillator 14, typically a

- voltage-controlled oscillator (VCO). The output from
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‘used each time in arriving at the intermediate frequency

signal. And when harmonic skip occurs, the measured

intermediate frequency signal fluctuates in amplitude |

and phase in an unpredictable manner.

In the prior art, several approaches are used to
counter this harmonic skip problem. One approach is to
require the operator to “tune” the source signal. An-
-other approach s to require the operator to tune the
local oscillator. Both approaches, as is evident, necessi-
tates input from the operator to stabilize the signals for
the least amount of harmonic skipping and are workable

only for continuous wave (CW) signals. When a swept.

20

the mixer 12 is an IF signal 18. A pretune controller 24

varies the local oscillator 14 until a predetermined IF

signal 1s produced. Since the predetermined IF signal

~ .can be the product of the RF signal and an undesired

harmonic of a L.O. signal, a means for determining
whether the L.O. signal is the proper one and that the

- predetermined harmonic number of the L.O. signal is

being used in the conversion is necessary to avoid the

~errors caused by harmonic skipping. In accordance
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signal is used, as in must systems, these techmques be-

come approximations. - |

In accordance with the present invention, harmonic
skipping is eliminated in a down-conversion system
without requiring input from the operator. In accor-
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“dance with the preferred embodiment of the invention,

a pretune controller varies and sets a local oscillator

signal to the proper frequency for mixing with and -

down converting the radio frequency source signal to a
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- predetermined intermediate frequency signal. In the

- down conversion, a predetermined harmonic number of

the local oscillator signal 1s used. A predetermmed har-

“monic of the source signal may also be used; in such

-cases, the source signal frequency 1s varied by a control-
ler.

‘In the case of a predetermned harmonic of the local

- oscillator, the pretune control setting is verified as the
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proper one by requiring the local oscillator to changein
frequency by a predetermined step. The corresponding -

change m the intermediate frequency signal should be
the same as the product of the predetermined harmonlc
number and the step change. In other words,

IF Change=(Harmonic Number) X (Step Change).

If the harmonic number inadvertently dlffers from the
- predetermined one, the corresponding intermediate

frequency signal change will then differ from the prod-
uct. In such an event, the pretune control is made to
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~ may be interchanged. In other words, instead of varying

vary, for example, by a microprocessor, until the inter-

mediate frequency signal is again produced, thus enact-
ing a “searching” process. The local oscillator is again
made to change in frequency by a predetermined step,
the corresponding
change is measured, and a comparison of this change to

intermediate frequency signal
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~with the invention, the pretune controller 24 causes the

L.O. 14 to change 1n frequency by a predetermined
amount in response from an input 28 thereto. The corre-
sponding change in the IF signal is measured by a fre-
quency-sensitive device, typically a counter 32. This

- change is compared with the product of the predeter-

mined harmonic number of the L.O. signal and the step
change in a processor 40, for example, a microproces-
sor. If the product and the corresponding change are
not equal, the L.O. signal is improper and an undesired
harmonic of the L.O. signal 1s being. used. The proces-

‘sor 40 causes the pretune controlier 24 to vary the L.O.

frequency further until the IF signal 18 is again pro-
duced. The L.O. 14 is again made to change frequency
by a predetermined amount. Another comparison of the

corresponding IF signal change i1s made. And the pro-

cess 15 repeated until the corresponding IF signal
change 1s equal to the calculated and expected change,

~VizZ., the product of the predetermined harmonic num-

ber and the step change. When the equality occurs, it
has been determined that the I..O. 14 1s at the proper
frequency and the proper harmonic 1s bemg used in the
down conversion.

‘Once the proper L.O. frequency and the proper har-

monic are being used, the processor 40 switches control

of the 1..0. 14 from the pretune controller 24 to the
output 22 of a phase-locking detector 20 having the IF
signal 18 as its input. The detector 40 forms a closed
loop system with the L.O. 14 and IF signal to track

~ variations of the RF source signal, such as when the

source signal is being swept.
- In other embodiments, the RF and L.O. signals 10, 16

the L.O. signal to ensure that the proper frequency and

harmonic are being used to obtain the predetermined IF

signal, the RF source signal is varied instead and the
L.O. signal 1s made to have a predetermined frequency.
- Correction of the RF source signal frequency can be

- made using and expanding the principles of the inven-

- tion. Since the harmonic number of the L.O. signal 1s

the product is again made. This process is repeated until -

the corresponding change is equal to the product of the
step-change and the harmonic number. When this hap-
pens, the proper local oscillator frequency is achieved
and the predetermined harmonic of the local oscillation
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predetermined and the frequency of the IF signal is
measured, the frequency of the source signal can be

~ calculated 1n accordance with the following relation-

ship:
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Source Frequency =(Harmonic Number) X (L.O.
Frequency)+IF Frequency.

Thus, following this relationship, a controller 45 for
adjusting the source frequency is coupled to the fre-
quency source 10 in the system depicted in FIG. 1. A
calculation is made in the processor 40 and a correction
signal 47 from the processor 40 is applied to the adjust-
ing means to vary the frequency of the RF source 10
until the RF source frequency 11 is correct. In this way,
a close loop is formed to monitor the RF signal and to
maintain it at the correct frequency constantly.

I claim:

1. A method for eliminating harmonic skip in a down-
conversion system by providing a desired intermediate
frequency signal from the mixture of a source signal and

d
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a partlcular harmonic of a local oscillator signal com-

prlsmg the steps of:
a. mixing a source signal with a local oscillator signal

including a fundamental signal and a plurality of

harmonic signals to produce a plurality of interme-
diate frequency signals;

b. varying the frequency of said fundamental signal
until a desired intermediate frequency signal is
produced among said plurality of intermediate
frequency signals;

c. changing the frequency of said fundamental signal
by a predetermined step amount:;

~ d. measuring. the corresponding change in said de-
sired intermediate frequency signal;

e. comparing said corresponding change with the

~ product of a particular harmonic number and said
predetermined step amount; and

f. repeating steps b. through e. until the product and
the corresponding change are substantially equal.

2. An apparatus for eliminating harmonic skip in a

down-conversion system by providing a desired inter-
mediate frequency signal from the mixture of a source
signal and a particular harmonic of a local oscillator
signal, said apparatus comprising:

a mixer for producing a plurality of intermediate
frequency signals from a combination of a source
signal and a local oscillator signal having a funda-

mental frequency and a plurality of harmonics of

sald fundamental frequency;

a counting means coupled to said mixer for measuring
a desired intermediate frequency signal of said
plurality of intermediate frequency signals;

a variable oscillator coupled to said mixer for produc-
ing said local oscillator signal;

a processing means coupled to said counting means
for producing a control signal in response to the
measurement of said desired intermediate fre-
quency signal by said counting means; and

a pretune controller coupled to said variable oscilla-
tor and said processing means for varying said
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fundamental frequency of said variable oscillator in
response to said control stgnal.

3. The apparatus as in claim 2 further comprising a
source means for providing said source signal.

4. The apparatus as in claim 2 further comprising:

a detector means responsive to said intermediate fre-
quency signal and operative to supply a tracking
signal; and

switch means for alternately coupling said pretune
controller and said detector means to said variable
oscillator to alternately supply said local oscillator
with said control signal and said tracking signal,
respectively.

>. A method for adjusting the frequency of a source
signal in a down-conversion system which mixes said
source signal with a local oscillator signal having a
fundamental frequency and a plurality of harmonic
frequencies to develop a plurality of intermediate fre-
quency signals including a desired intermediate fre-
quency signal corresponding to a particular harmonic
number of said fundamental frequency of said local
oscillator signal, comprising the steps of:

determining the harmonic number of said desired

intermediate signal;

measuring the frequency of said desired intermediate

signal;
summing the measured frequency of said desired
intermediate frequency signal and the product of
said harmonic number and said fundamental fre-
quency of said local oscillator frequency; and

adjusting the frequency of the source signal in re-
sponse to said summing step.

6. The apparatus as in claim 3, further comprising:

- a source controller coupled to the source means for
varying the frequency of the source signal in re-
sponse to a second control signal;

wherein said processing means further produces said

second control signal in response to said measured
intermediate frequency signal.

7. The method as in claim 5, wherein said step of
determining the harmonic number of said desired inter-
mediate frequency signal comprises:

varying the frequency of said fundamental signal until

a desired intermediate frequency signal is produced
among said plurality of intermediate frequency
signals;

changing the frequency of said fundamental signal by

a predetermined step amount;

measuring the corresponding change in said desired

intermediate frequency signal; and

comparing said corresponding change with the prod-

uct of a particular harmonic number and said pre-

determined step amount.
. * ¥* % *x
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